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PROCESSING OF ACTINOMETRIC DATA BY THE 
"CO SMO S-122" SATELLITE 

I. A. Chetverikov 

Di f f e ren t  types of act inometr ic  measurements, per- 
formed by t h e  11C~smos-122" satel l i te ,  are l i s t e d .  The 
theory of devis ing a computerized program, and t h e  pro- 
gram i t s e l f ,  as employed t o  process  act inometr ic  da t a ,  
c o l l e c t e d  by t h e  ~1Cosmos-122" sa te l l i t e ,  are de ta i l ed .  
Specimen outputs  i n  t h e  form of c h a r t s  and graphs are 
shown and described. 

3 i l l u s t r a t i o n s ,  4 references.  

/47* Meteorological information, obtained from satell i tes,  can be separated - 
i n t o  two ca t egor i e s ,  depending on t h e  processing methods. The first category 

includes t e l e v i s i o n  and i n f r a r e d  information which i s  processed manually by 

q u a l i t a t i v e  decoding of t h e  cloud images. The second category includes 

act inometr ic  d a t a ,  which con ta ins  information on t h e  temperature and t h e  

r a d i a t i o n  i n t e n s i t y  i n  d i f f e r e n t  s p e c t r a l  i n t e r v a l s ;  th i s  type of information 

i s  processed by e l e c t r o n i c  computers. 

Undoubtedly, i n  t h e  f u t u r e ,  a l l  types of information w i l l  be processed by 

e l e c t r o n i c  computers. To r e so lve  t h i s  problem, however, i t  w i l l  be  necessary * 

t o  develop new algorithms and t o  improve t h e  computers, e s p e c i a l l y  wi th  a 

view t o  expanding t h e  capaci tances  of t h e i r  memories. 

The advantages of machine processing are t h a t  i t  is  poss ib l e  t o  use 

o b j e c t i v e  methods of information diagnosis  i n  o rde r  t o  ob ta in  r e l i a b l e  da t a ,  

i n t e r p r e t a t i o n s .  A t  t h e  p re sen t  t i m e ,  t h e  p r i n c i p a l  d i f f i c u l t y ,  f ac ing  t h e  

* Numbers i n  the 'margin i n d i c a t e  t h e  paginat ion i n  t h e  o r i g i n a l  fo re ign  text. 
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automation problem, is the development of objective analytical methods of 
satellite data analysis on the cloudiness. 

Computer data processing imposes a number of requirements on the on- 

board satellite instrumentation and o n  the means by which the data, obtained 

from the instrumentation complex, are processed. 

A number of studies are presently available that deal with the implemen- 

tation of automated processing of meteorological satellite data [ 4 ] .  In an 
experiment with the "Cosmos-122" satellite, we tested automatic processing 

methods of actinometric data, immediately following the contact period with 
the satellite [31. 

The development of this system required a tie-in of the entire informa- 

tion circuit, from the moment information was received by the input station 

and until the processed information was released on the connecting circuit 
for its dissemination. Naturally, a number of faults were discovered during 
the first attempt to implement this type of system. Theoretically, however, 
it was justified, and a number of improvements were planned; it is antici- 

pated that in the future these improvements will contribute to a greater 

efficiency of the system. 

The actinometric instrumentation of the "Cosmos-122" satellite con- 
sisted of narrow-sector and wide-sector devices; these devices were used to 
perform the following measurements: 

a) 
b) 

C) 

Outgoing radiation in the 8 - 12 micron spectrum; 
Outgoing radiation in the 3 - 30 micron spectrum; 
Reflected solar radiation in the 0.3 - 3.0 micron spectrum. 

. -  

The narrow-sector devices were used to perform the measurements in all 
0 the indicated intervals, using an angular resolution of 5x5 . The optical 
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axes of t hese  devices  were o s c i l l a t i n g  (scanning) i n  a plane,  t h a t  w a s  

perpendicular  t o  t h e  plane of t h e  satel l i te ' s  o r b i t ,  thus  providing t h e  d a t a  

wi th in  t h e  l i m i t s  of - + 60' of t h e  nad i r  bearing d i r ec t ion .  

Using t h e  measurements of t h e  scanning ac t inometr ic  t ransducer  i n  the  

8 - 12 micron region,  it is  poss ib l e  t o  determine t h e  r a d i a t i o n  temperature 

of t h e  underlying surface.  

and 0.3 - 3.0 micron range can be used f o r  r a d i a t i o n  balance ana lys i s  i n  

t h e  earth-atmosphere system, as w e l l  as f o r  a more p r e c i s e  p ro jec t ion  of t h e  

pos i t i on  of large-scale  cloud systems. 

Narrow-sector instrumentat ion da ta  i n  t h e  3 - 30 

To measure t h e  r a d i a t i o n  balance coniponents of t h e  earth-atmosphere 

 system on a p lane tary  s c a l e ,  t h e  "Cosmos-122" sa te l l i t e  was  equipped with 

wide-sector scanning devices.  

t h e  e n t i r e  d i sk  of t h e  ea r th ,  as v i s i b l e  from t h e  satel l i te .  The wide-sector 

devices provided f o r  a measurement of t he  r a d i a t i o n  f l u x e s  i n  s p e c t r a l  i n t e r -  

vals of 0 . 3  - 3.00 and 3 - 30 microns. 

The angle  of v i s i o n  of t hese  devices covered 

During t h e  f l igh t :  t h e  equipment w a s  r e g u l a r l y  s tandardized i n  order  t o  

check t h e  v a l i d i t y  of i t s  c a l i b r a t i o n  data .  

w a s  funct ioning,  t hese  da ta  d id  not  undergo any apprec iab le  changes. 

While t h e  "Cosmos-122" sa te l l i t e  

The ope ra t ive  processing system f o r  t h e  "Cosmos-122" information w a s  

designed around an e l e c t r o n i c  computer; t he  input  components of t h i s  computer 

lend themselves t o  a rewrite of t h e  information, received during the  contac t  

with t h e  satel l i te ,  on magnetic bands. The bas i c  output  element of t h e  

computer i s  an alphanumerical p r i n t i n g  assembly. 

Af te r  t h e  on-board information, received from t h e  satel l i te ,  is t rans-  

c r ibed  on t h e  computer's magnetic bands, the  subsequent processing of t h i s  

information takes  p lace  according t o  a predetermined and specially-designed 

program. 
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This program provides f o r :  

1). ,Cont ro l  and r e j e c t i o n  of erroneous da ta ;  

2)  
t i o n  complex; 

3) 

Selec t ion  of t h e  narrow-sector scanning rows from r h e  t o t a l  informa- 

Referencing t h e  e n t i r e  amount of information t o  time. This i s  per- 

forped by the  program block which s e l e c t s  t h e  coded time groups t ransmi t ted  

from the  sa te l l i t e ,  con t ro l s  t h e i r  r e l i a b i l i t y ,  and determines t h e  t i m e  of 

t h e  i n i t i a l  measurement i n  each row; 

4 )  
measurements; 

5) 

6 )  

Selec t ion  of a d d i t i o n a l  da t a ,  required f o r  t h e  processing of t h e  

Keying each ind iv idua l  measurement t o  a geographic map; 

A r eca l cu la t ion  of t h e  e l e c t r i c a l  s i g n a l s  i n t o  phys ica l  magnitudes 

( r ad ia t ion  temperature and r a d i a t i o n  i n t e n s i t y ) ,  using conversion t a b l e s ;  

Output of da ta ,  i n  t h e  form of matrix-charts and t ab le s .  7) 

The ac t inometr ic  information, obtained by the  "Cosmos-122" sa te l l i t e ,  

w a s  processed i n  s tages .  A t  each proce.ssing s t age ,  t h e  ca l cu la t ions  were 

performed f o r  t h e  e n t i r e  amount of information received during the  communi- 

ca t ion  period wi th  t h e  satell i te.  

The program of each s t age ,  recorded i n  a specially-designed magnetic 

band sec t ion  of t h e  computer, i s  r e c a l l e d * i n t o  t h e  opera t ive  memory p r i o r  

t o  the  beginning of t h e  cu r ren t  ca l cu la t ion  state. The ca l cu la t ion  r e s u l t s ,  

performed a t  each s tage ,  are recorded on t h e  magnetic band of t he  computer 

and read i n t o  t h e  opera t ing  memory, t o  serve as i n i t i a l  d a t a  during subse- 

quent processing s tages .  

A processing program thus designed provides f o r  a performance of t he  

computations a t  each processing s t age ,  regard less  of t h e  computations per- 

formed a t  previous s tages .  When t h e  cor rec tness  of t h e  computations a t  any 

given s t a g e  is v io l a t ed ,  t h e  ca l cu la t ions  can be repeated using t h e  i n , i t i a l  
/49 
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da ta  re ta ined  on t h e  magnetic band a f t e r  t h e  preceding processing s tage .  

Wide-sector measurement da ta  were processed manually, i n  v i e w  of t h e  

s m a l l  amount of them and t h e  necess i ty  of analyzing t h e  obtained d a t a  with 

extreme care [l]. 

The processing r e s u l t s  of ac t inometr ic  da ta  are put  ou t  by t h e  computer 

i n  t h e  form of card-matrixes t h a t  include a g r i d  of geographic coordinates .  

An algori thm of t h i s  program was  d e t a i l e d  i n  [2].  The geographic g r i d  is  

' -  
I '  \ eas t e rn  eas t ern  

longi tude  . longi tude,  _ _  
-----T - -- - 

jFigure 2 ,  Chart showing t h e  measurements of t h e  3 - 30 
microns channel i n  terms of graduated r a d i a t i o n  i n t e n s i t y  
( s a t e l l i t e  s'Cosmos-122", 426th revolut ion,  24 July,  1966). 

7 



displayed i n  t h e  form of le t ters  (Russian a lphabet ) ,  denoting t h e  l a t i t u d e s  

(from A t o  n) and t h e  longi tudes (from K t o  54) i n  mul t ip les  of 10'. 
operator  t h a t  processes  the  act inometr ic  information draws the  arcs of t h e  

p a r a l l e l s  and of t he  meridians,  using these  nota t ions ,  and numbers them. 

The parallels and the  meridians,  t h a t  are mul t ip l e s  of 5, are i d e n t i f i e d  

on t h e  c h a r t  by s p e c i a l  symbols, The Moscow t i m e  of t h e  f i r s t  measurement 

i n  hours and minutes i s  p r in t ed  in - l ine  on t h e  l e f t  edge of t h e  chart-matrix. 

This  is  followed by a column of s igns  of t h e  geographic g r i d  ("+" f o r  

northern l a t i t u d e  and eas t e rn  longi tudes ,  taken f o r  t h e  c l o s e s t  measurement 

( f i r s t  s ign  f o r  l a t i t u d e ,  t h e  second for '  t h e  longi tude) .  

The 

The heading of each cha r t  i nd ica t e s  t h e  d a t e  and t h e  sa te l l i t e  revolu- - /50 

t i o n  number (Figure l), t h e  s p e c t r a l  i n t e r v a l ,  as w e l l  as t h e  u n i t s  i n  which 

t h e  charted magnitude is  measured. 

Since t h e  va lues ,  t h a t  are put i n t o  t h e  p r in tou t  are not  averaged, i t  

is  poss ib l e  t o  compare them wi th  terrestrial da t a ,  and a l s o  t o  process them 

fu r the r .  A geographic coordinate  g r i d ,  superimposed upon t h e  cha r t ,  c o n t r o l s  

t h e  pos i t i on  of each measurement and con t r ibu te s  t o  checking t h e  cor rec tness  

of t h e  program i n  an opera t ive  sequence. 

The r e s u l t s  of t h e  processing, performed according t o  the  methods des- 

c r ibed  i n  [ 4 ] ,  are used t o . o b t a i n  a more compact c h a r t  which, i n  tu rn ,  is  

used t o  prepare t h e  materials t h a t  are d i s t r i b u t e d  i n  an opera t iona l  sequence 

(Figure 2 ) .  

i s  divided i n t o  20 intervals. The magnitudes of t h e  measurements, r e l evan t  

t o  each i n t e r v a l ,  are p r in t ed  on t h e  chart-matrix i n  t h e  form of special 

symbols. 

With t h i s  output  method, t he  range of t h e  measured magnitude 

The ac t inometr ic  da t a  processing system of t h e  'information provided by 

A t  t he  present  t h e  "Cosmos-122" satealite w a s  checked i n  a c t u a l  operat ion.  

t i m e ,  t h e  system i s  being per fec ted ,  taking i n t o  account t h e  accumulated 

experience. 
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